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±M b 1 (Z)^jg«)?^^o J: -9 ^ -®# mm -t" ^ 7^ I*, mm^m 

[0 14 7] 

2|s:|lS6(5D?^ffi7?iim5-re:S'^'eii, :i<D^z>rjtmmfstMmrr'%uA:7. hies 

[0 14 8] 
[0149] 
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[0 15 0] 

[0151] 

[0 15 2] 

[0153] 

V - 5!j 5: «^ L T MiJi-t S . 
[0154] 

09 ^2®||Jg<D?^M{cJ3i-j-sx5^^y :/2"e(Z)^SC)#|iS$:a^-r7n-^ 

[0 15 5] 

>^i iT-«, ®^Jg^^a3 tcj: yj^m$ti:t^7 ^dW^*^, ii^lf 
zL-^4|^(7)^^yMJ^CfH'l»$ttfc^, ^©Mfi^SB^JI (u, v) ICMLT, 

[0 15 6] 

[0 15 7] 

:i<Z)M^:$)-tIT;i/^fy XAi: UTtt, J:3^bfe:35:m3 (K. R a h a r d j a 
and A. Kosaka "Vision — based bin— picki 
ng:Recognition and localization of m 
ultiple complex objects using simple 
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visual cues, "Proceedings of 1996 IE 
EE/RSJ International Conference on I 
ntelligent Robots and Systems, Osaka, 
Japan, November 1996) (Ca^StlT V^S Spedge — an 
d -Me d g e:^^^^ :i:iSt4 (T. Pavlidis and Y. Liow 
, "Integrating region growing and edg 
e detection, "IEEE Transactions on Pa 
ttern Analysis and Machine Intellige 
nee. Vol. 12, No, 3, pp. 22 5- 233, 1990) IC^$ ti 
-SSplit — and -Me r g e:^m^. Can n y ni^y >:;ft&m:&^"ettffi b 

[0 15 8] 
[0 15 9] 

m^it. ^©M^ktc^ruT r®«A (k) J , r;^^$L (k) J , mm 
(D^mmm (k) J , mmo)mmmms (k) j tjttf^mm-t^o 

[0 16 0] 
[0 16 1] 
[0 16 2] 

jtsH##^«*^, mmA (k) , zk^^h (k) . mmcD^mmm 

(k) , a^<D^^«^s (k) (Dm^iZit. 
[fJtl 7] 
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Amin < A(k) < Am ax 
Lmin < L(k) < Lmax 
mmin < m(k) < mmax 
smin < s(k) < smax 

T L/ T V ^ -5 *^ 2: i: -r tl J; V ^„ 

[0 16 3] 

Zir-e, Amin, Ama x:feif<DMli, MM^KDi^^^. Fv-55j2 
[0164] 
[0 16 5] 
[0 16 6] 

cDT% ^<Dmup3x<7)mmmiti!n\^xi&&,t^:iiit>^x^^. 

[0 16 7] 
[0 16 8] 

z(Dm&:^mz-D\f^xit. mi(Dmm<Dmm<Dm^iim^x&^(Dx. 3^1? 

[0169] 
[0 17 0] 

ZKOX^^y >''3 ic^VNT, H 1 (ommo^f^M(Dm'^iLWM^fi^iJ=y-'M^X{t 



ffiftE# 2000-3000520 



#5p 1 1 — 0 2 7 3 5 9 



[0171] 

n,^m (xj", yj", zj"), ^^^®^ffilcJ3it<5feg (u J , V J ) 
[0 17 2] 

mmvx. :^^mm^ti^^^^'- \^^~itj^x(Dmmd ^(ommm&m^Mfn 

[0 17 3] 

[0 17 4] 
[0 17 5] 

[0 17 6] 
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[0 17 7] 
mi 8] 

^ Ui - UQ ~ _ Vi- VP 

Ui = ■ " . Vi - ' 

CCu ^ V 

aiiv = -^(<fu + «v) 

ri = — !— n 

Of uv 

R« :ri = zi:1 



COS 0 i 



l-t -5 z o 
[0 17 8] 

1 9] 

Zi = diCosOi 
Ri 



* ~ ncos2 0i 

ofuvRi 

Wri2 
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[0179] 

( 2 ) MMm 1 nmmmmmm 3m<D3 r^n,^mmmm& 

^^^ffi^^Oj. T'®v-:^^« (Xi'^, yj*^. Zj*^) Sr^ffif 
[0 18 0] 
[|5C2 0] 

jES^b$*Lfc®^jS(tin5i)li. * ^ 3mmm■Vzc^^ ic^JS-r S(xc,yc) 



^ Ui - uo Uj - uo Vi - vo Yi -VQ 

UjUj+V1Vj+1 «u «u ~* «v «v 

cos 0 a=. 



[0181] 

[0 18 2] 
[^2 1] 

fjj = cli2 + dj2 - 2didjCos 0 ij - Rij = 0 

*^ m it L/ ^ t-t n « ^ ^ V ^ o 

[0183] 



3 1 
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[0184] 

(1) -=L-hym^mm-t^:^m 

(2) m=^=L- hym^mm-r^:^^ 

[0 18 5] 
[0 18 6] 

JifBT'fi^^tlTVASjm^d . (i = l. 2, . . . , n) ^mmH-t^^i^ 

[iS:2 2] 
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p =[di.d2.-.cln]^, S =diag (er i2, a-^ tmz) 

h Lfci:^. qij = [ui.vi,uj.vjJ^^^K>7 Hui LT. 
9fij _ Sfij Sfy 

8-p=[o-° adr°'-° adr°"'°] 

a f ii a lij 

ja^Si^^^^'So -gg:= 2di-2djcos0ij -g^= 2dj - 2dicos 0 y 



8 fa r acos0H acosSii 3 cos 9 y acos0Hl 



CCfchi =V(un^+ (vi)2 hj=V(Qj)2+(\?j)2 sij = uiuj + vivj COS0ij=-^ 
a cos 0 ij 

9qy 



XTjhihj-i?^ ^hihj-IO. tiihihj-^ vihihj 
^ ' hi ' ' hi hj 
tzu — - — or V ~ — - — oi u — — - — ofv 



hi2hj2 hi2h]2 hi2hj2 hi2hj2 

P =[di .d2.....dn]\ S =diag (tr i2, 0-22 crr^) 

A =diag (oru2,o-\^,o-u2, o-yZ) 

for 0=0; i<n; { 

for (j=i+1: j<n;i++) I 

~ U i-UQ ~ _ Vj- VP 

"i = - ay 

afij 

op 

3 f ii r a cos 0 ij a COS 0 jj a cos 0 ij a COS 0 ij I 
L= -2didj— z i-2didi— = -2didj— ^ -2didj— x-^ 

a qy j ^ a ui J a VI . ^ a uj ^ a vj 1 

K=SM'^(U + msmT)-^ 

Pnew = P - Kfij 
Snew=(l-KM)S 

P = Pnew S = Snew 

1 
} 
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[0 18 7] 
[0 18 8] 

[0 18 9] 

[0 19 0] 
[0 19 1] 

-hSBII 1 RXJ^f^ 2 ® IIJgcD C J3 v% T ii. MM#*^ e> 'v' - ;!j i: m^i^ti^ 

[0 19 2] 

ft&m-r s :i i: RflgT'^ -So 

[0 19 3] 

T, ^1 *fctt^2CD||^gcD?^m^cfcv^T, ^-ijum^mni't^ n n^iz. m 
o:iinz^v. mmmv-^xx(D'T-itjmmmii^izmt>^mm\^^^mm-t^^i 
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[0194] 
[0 19 5] 
[0 19 6] 

[0 19 7] 

<DX$>^o 

[0198] 

[0 19 9] 

v^*, mmm<Dmmm^i^ a, j) nv. i^/jNM#®®^@e^js: (is, j 

s) t^^t.. i=4*is + 0, i=4*is + l, i=4*is+2, i = 
4 * i s + 3 I KMhX. tS^-D j=4*js + 0, j=4*js + l, j = 

4*js + 2, j=4*js + 3 \zn-t^ J icst-t-s 1 Qmmoy^i^m^ (is 

[0 2 0 0] 
[0 2 0 1] 
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[0 2 0 2] 

>^2T'}*ffi$*ifcMJ^®filSJ^^ (i s, j s) ^A.^^'D't^Z. 
[0 2 0 3] 

[0 2 04] 
[0 2 0 5] 
[0 2 0 6] 

litis V- * ® 3 r^^^StS^T^';!/ h ^(Z)H^^(Z)m^fl^® 2 is^cT^^S ® BB 

m^m^m^-t^ a: ^ vns„ 

[0 2 0 7] 
[0 2 0 8] 
[0 2 0 9] 
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[02 1 0 ] 

T, i:*®J;e)^c*^■a^^lOM^^5:it^-rs*^^cov^T, ^o*^(Z)||JSMlc« 
[0 2 11] 

immm i ) 

[0 2 12] 

V^^, 7t--:/ty:iL^ hmmmx. i2-Fv-:^0, 1, . . . , m-lfjmm^ 
^hJVpQ, PjL' - - - » Pin-l'^'*^^> ^> KV-i' k(Z)^S'^^^ h;i/ 

Pq' Pi' • • ' Pnj_ iT«l?^M^T'^$tiSi:-rsi: (bQ, b 

2 .... . ^ m — 1 - 
[i!C2 3] 

Pk= ^0P0+ /81P1+ - • + /8m-iPin-1 

0 = ^^0 ' "^0 ' ^1 ^^1 • ^1 ) ' ^m-l = (^m-1 ' ^m-1 > ^ 
[IS24] 

qk oqo + ;S iqi+ ...+ m-iqm-1 

[0213] 

3 7 ffilE# 2 0 0 0 -3 0 
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[0 2 14] 
[0 2 15] 

z<DmX'ii. n-KT-^tjO, 1, 2;b^^e>*>D«)ttm$tlTv^s^:^^b, 
[0 2 16] 

•^-Si:, M^P^Tttm^txfcn— Kv-:*7 0, l, 2 ®®^|^€5fg(Z)M>t>$:^ 

[0 2 17] 
[0 2 18] 

[0 2 19] 
[0 2 2 0] 
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[0 2 2 1] 

[0 2 2 2] 
[0 2 2 3] 

v>*, ®i^WA^e>=i- Kv-^sjo, 1, . . . , m- i-fym^^tit^nm^-t 

^H. ZLt\.^MzrV:r.^ hJ^^mTG)3rj^^faSJ||^S:W#t^-etf^Stlfe2 
[0 2 24] 

3(3D7^^tt, ^1 $>^VN»||2®||JgC0?^MT-^bfc:&^^im^T'feS„ 
[0 2 2 5] 

r®3r>Jc5cM^^®lO»5«I^M$:cHmi:-rSo 

[0 2 2 6] 

^fc, ^> KV-^ k©;r-/>:^'x^ hffiS^JCfettSfilttS: (xk, yk, z 
k) H-t^t. ^> K-T-^ kCDM^WlCfet-tS^lllffl (uk, vk) tt^ (3 

) , (4) icj: ummt-sr ^*^-e^So 

[0 2 2 7] 

r®^Tfi!Hit(uk, vk) ©Ma-r. mmM^^^yy^^-^^mm-m^'t 

[0 2 2 8] 

r©i:e)icLT, Kv-^ $:ttm • i^^-e^fc^-^icii. mmm2xm 
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[0 2 2 9] 

[0 2 3 0] 
[0 2 3 1 ] 

[0 2 3 2] 

:iti^T'icfi^LT^:tiii7!rM4(Dmg(Z)?gMi±, v^-r4^t), Mmmmm 

[0 2 3 3] 
[0 2 3 4] 

^©l^tCtt, ®#a^^fi3 ^:z3>lf^-^4*^e>^^Sfeg-fe>•9-S:-^tfi^X 

[0 2 3 5] 
[0 2 3 6] 

1 2 4lC3^mL. zi>tfrL-^ 1 2 4li^(Z>ffi||[7^-^S:fi?=^-rSZli:lCj: 
*fl^4^1 2 l*^M^-rS:4-yi;ac^^ hJ^^^7b^^H#a^^gl 2 3*^^^ 
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•r -5 :;!7 ^ ^ iS^^'N (Z)J^^^^>'^° ^ ^ - ^ 5: W m t* €> o 
[0 2 3 7] 

3>tr:a-^ 1 2 4«, 1 2 3 A^^^^T S ^ vjS^^*^ 

e>smjii^^s:M^-r<5^ei 2 s^^M^t-ss^j^^^^wjs^^giAv;^- 

^ S: ^ ^ *^ D «) b T V ^ -5 „ 
[0 2 3 8] 

[0 2 3 9] 

[0 2 4 0] 

j;yA#i«nctt, mmmmmmi 2 3*^m^-rs;!j^^M^^o ciismj®^ 

[0 2 4 1 ] 

1 2 4 7b^®#*^e)V-5!j^$:l^^b, 5?J:)l^Jffi^m'^©>t>fl^i^l 
2 1 ® 3r^5t:fi5[g^^$:«l^bfei:-tSi:, h mU^tf' ^ mm 

^^cQjSli^glA^^-^ $:#m"r<5^i:*^-e^. otitic Hm-e^-tri:*^*?? 

[0 2 4 2] 

[0 24 3] 
[fJC 2 5 ] 
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[0 24 4] 
[0 2 4 5] 

[0 2 4 6] 
[0 2 4 7] 

■€-(D#ggi: L/Ttt, Flash P o i n t ® J; ^ J&^^fi^f-fe ^rfflM-T S 
[0 2 4 8] 

Flash Poi m<DXofSi^^^^yt- \^^mm-r^%mm'^y^(om 

[0 2 4 9] 
[0 2 5 0] 
[0 2 5 1] 

(DX&i>. 
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[0 2 5 2] 
[0 2 5 3] 

HI 3ii, z(Dm6 0)m^m(Dmmizj:^mm^m-t-:fu^y^mx':&^. 

[0 2 5 4] 

■r^t>t>, 01 3 lC:^-rcke)lC, Sitf$tlS^^ifef*:Xl 3 9$:-fe>i^-yD- 
:/i 3 s-^figlf-rs. 

[0 2 5 5] 

zi-i^-^-ij (2, 12 2) 7b>^^$nTfe*j, ^<^ii- Kv-:tr$:iS^»^^ 

gi 3 sifm^-t^o 

[0 2 5 6] 

^LT, M^Ji^^gl 3 3T'a^$tl^Mm5='-^tt. 3>lfa.-^134 
[0 2 5 7] 

n^tfii-^ 1 3 4ii, H^iij^^gi 3 3ti^^mm^ti^mm'r-snzm^ 

VNTW^«?*f-rS3i:lci; H^ii^^S l 3 3 ic^-rs-fe^ifiJ^n- 

[0 2 5 8] 

^(Z)^-^, •fe>-9-:/n-:;^i 3 8;b^Smi:f ^^Jffi^m«, ny\^=t-'Sii3 

n--^ 1 3 4 \,t't<Dmmmn^iz^^hf^m^.^.(D3?^^^m:7'-^ 137 

[0 2 5 9] 

Sl4li, -fe^i^-^n-:/! 3 8<Z)M$:^L/}t=b(D"e^'5„ 
[0 2 6 0] 

zicDigi 4 ^cJ3v^T, -^y^zfu-^fizit. -e<^)$fe3sg^cs#f■r'<^#f■*^ov^T 
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[0 2 6 1] 
[0 2 6 2] 
[0 2 6 3] 

il^^b, ^©3 7j*C7cJ^^$: (x J " . Yi " , z i ) Ht^o 
[0 2 6 4] 

rcOii^S^a^^Sl 3 3T% Kv-:^*^»^$ti, 

So 

[0 2 6 5] 
[^2 6] 













yjC 


— cHm 


y,m 




yjm 


1 




1 




1 



[0 2 6 6] 

(xi'",yi"',Zi'") = (0, 0,0) Srf^At-Si:, #f-$fe 
<D ^ J^:^^ tc J-t S 3 7jk TC^S It m -r r T' ^ S „ 
[0 2 6 7] 

4 4 ffi|iE#2 0 0 0 - 3 0 0 0 5 2 0 
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[0 2 6 8] 

[0 2 6 9] 

1 3 3;^)^^^$4^TV^-5^-a•S:^x.'5o 
[0 2 7 0] 

[0 2 7 1] 

tj^oT, «2pjS^^{Cfet:t-5-fe>-9-^n--/l 3 8(D9c1^(D3^^mm (xj 
[i5C2 7] 











"o" 


yi^ 


— iHc 




- rHccHm 


0 


Zi^ 






0 


1 




1 




1 



[0 2 7 2] 

rtitcJ: 2fi:ir>-9->^n--:^l»mffi^^icfei-:t^g|E#f-,^,(Z)3r>>c5c^SS:^ 

[0 2 7 3] 
[0 2 7 4] 



4 5 
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[0 2 7 5] 

[0 2 7 6] 

[0 2 7 7] 

[0 2 7 8] 

[0 2 7 9] 

[0 2 8 0] 
[0 2 8 1] 

01 5ic:^-r j:-5ic, :&^i}^\^i^mMm^mt>m^vr=.mm (fib 

0 3.2 0 4*^e3(©MM^7=-^*^5='-^^S^®t?feS=l>tfrL-^? 2 0 5 
[0 2 8 2] 

TV%Sn- F-x'-^tj (2 0 2) ^aSTfUM-r-SZlillCj: #Mfl^»i^^fi2 0 

3, 2 0 4 t.MM^2 0 1 $)^\,^it—^(Dmmmmmn2 o s ^^^2 o 4 i:^ 
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[0 2 8 3] 

[0 2 8 4] 

^rj^^mff^J j H s Sr^fJMbT, 
[ifc2 8] 







Vii 




Wii 





cr J 0 uoi 0 
0 a J vol 0 
0 0 0 0 



jHs 



1 



: Ujj Vii 



[0 2 8 5] 

w ^ ^ a jl 9 



[0 2 8 6] 
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[0 2 8 7] 



[iJ(2 9] 



a Jo uoi 0 
Vji = 0 a J voi 0 jHs sHm 
Wii 0 0 0 0 



yjOl 



(100) 




[0 2 8 8] 
[0 2 8 9] 

F'r-:^$:|^^b, -e®M^l^fi:«S:Wffi-r-5 (XT^^y^Sll, SI 2 
, S 1 3) „ 

[0 2 9 0] 

[0 2 9 1] 

LT-fe>-9-SM^^T'mai$tufc3?!>c5t:^M^i:;r>^5/'3i^ hJ^^^ 
[0 2 9 2] 

Kv-:;?7S:im^'r'5X^^y^ (S 1 1, SI 2. S13)^T' 



4 8 
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^ ^ ii A ^ ^ - ^ 5: ^ m -r -6 M -r § „ 

[0 2 9 3] 



[0 2 9 4] 
[0 2 9 5] 

ms 0] 



lHs = 



rill riz"" ria"" tx"* 
rsi"" T22^ r23^ tyl 
rai"' r32'' T33^ tz^ 
0 0 0 1 



2Hs = 



rii2 ri22 na^ tx^' 

r21^ r22^ r23^ ty2 
r3l2 1-322 1332 tz2 

0 0 0 1 



|bfc(Z)t., (Ui ^ , vj M (uj 2 , Vj 2 ) $:iEMfbL, 
[i!C3 1] 

tX^' ff.^ Of 



^Mm-t^o -r-si:, ^ (10 0) 

[i!t3 2] 

m"'- Uiirsi"" ri2"'-UiV32^ na^- Ui''r33'' 
r2-|i- v^^rai"' r22^ - Vi^r32'' r23'*- vi^'raa'' 

ril2-Ui2r3l2 ri22-Ui2r322 ri32-Ui2r332 
r2l2-Vt2r3l2 r222-Vi2r322 r232-Vi2r332 



tx2+Uj2tz2 
ty2+ Vi2tr2 



[I!fc3 3] 



4 9 
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A = 



rii2-ui2r3i2 ri22- trj2r322 |r^32_ ijjZrgga 

r2l2-v52r3i2 r222-Vi2r322 V2S^-y?X2S^ 



-tx2+ Ui2tz2 
-ty2+ Vi2tz2 



yjS = (ATA)-lATb 



[0 2 9 6] 

Jg<Z)?^^-e^qabycJ:e»^, quatemio n^lCj; U ^ ® Hl^ifT^J R M 
[0 2 9 7] 

[0 2 9 8] 



[0 2 9 9] 



[i5C3 5] 
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[0 3 0 0] 
[0 3 0 1] 

^ LT. _t3^ Lit <fc ^ 1 73rMii 7 (Dmm<Dmmx'mi^r^^mm(ommmiz 

3 6. 2lLTa^-rJ:^*:^^*^-^*tlT^^S„ 
[0 3 0 2] 

[0 3 0 3] 
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[0 3 0 4] 
[0 3 0 5] 

< i: % 3 M ® -v' - 7?j o T V ^ ^ ® # 5: A* -r -5 M# A:tj i: , 

_hgsw# jtT _hfa# V - izMm-t^ mm $: « m t- mmm mnim t . 

[0 3 0 6] 

■g>v-?f7#^x@i:. 
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(Z) A ^ - ^ M S A ^ ^ - M^^XS ^ , 

S 3 i: Sr^^lHt ^-5 3 > > iJ^^^o 

[0 3 0 7] 

#tH6. ttfgH/N°^^-^mS#?X5glCj;oTSm^tife 1 o<Z)/\"^>^ - ^^JC 

-r -5#ia 5 fa«(D 3 rkft^mmm-^ > > y:&So 

[0 3 0 8] 

#127. mm^mmvx. zL(Dmm^mmi.t:^mmmmizM-t^m&MMm(D 

±mm&-^nr^^'^-:^^x(Dm.mt.. :r.<D'7-ij(D±mmm±x(D&,mii. 
z(D'^-it}(Dm&MMmzM-r^3rxft&mmm^m^^x. ±mmm^m:izM-t 
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[0 3 0 9] 

#138. mm^mmi^x. :L(Dmm^mmvr=.mmmmizMt^m^MMm(D 
±mA:h ^nr=. mm ^ m^i^ -r s mmm/^jim n > 

[0 3 10] 
[0311] 

#ffilO. zi>fcf^-^lCi:oTm^$:«g«f LT, L/fc«^M 

s icjy--r S M^*f ^i^oM^^ S: M^-r -5 «) ® n ^ ^ A la^ b :t sa 
-Br, 



5 4 
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Wo 

[0 3 12] 

<fc 3 o O V - :;J7 S -B:, 

-WIS 12. ±M9!mzfu^'yh.\%. e>ic, trftaM^^^tifc 1 

1 1 mmco 3 7^7c^g^^-fe > s/> ^*^!iayn A^rga^Dtia^^^o 

[0313] 
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it. 

[0 3 14] 

±mmm^nt=.^'^-ij(D±mmm±x<D^nt:. ^-^-i^aym^MmmzM 

[0 3 15] 

?IIW$ti:t?RI^*f^%(Z)eS^^S:ffiiE$i±Sri:S:#^i:t-S'f^fHi 3 ^jtli 
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[0 3 16] 
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